This study has analysed the pattern in growth of area, production and productivity of major crop groups across the physiographic zones in the state of Odisha for the period 1993-94 to 2010-11. It has observed an unstable and unsustainable growth in area, production and productivity over the years in the state as well as in all physiographic zones. The relatively high growth rate of foodgrains production in Odisha has been achieved mainly through area effect. Although, contribution of technology towards sustainable output growth has been recognized, growth in the yield rate is slow. This sluggish growth in area, production and yield of all crop groups in the state is because of slow expansion of irrigation network, low level of fertilizer consumption, slow rate of technology adoption, and low level of infrastructural development. The slowdown in the process of cropping pattern change indicates the failure of most government efforts to diversify agriculture in the state. It is time to reform this sector and accord importance to food safety issues to meet the growing demand for quality food through stable and sustainable growth in agriculture and replacing subsidies with investments and infrastructural development.
Introduction
In recent years, the growing demand for agricultural production has forced the farmers to adopt intensification of agricultural practices along with the increasing use of high-yielding crop varieties for achieving higher levels of production (Weinberger and Lumpkin, 2007) . Being dependent on weather conditions, technological and infrastructural growth in production of crops is liable to substantial variations across time and space. The nature and extent of variability in the growth of agricultural production, its sources and implications have, however, not received systematic attention till recently in Odisha. However, increase in production of foodgrains and crop stability are the key challenges to Odisha agriculture which is subsistence oriented, open to the vagaries of monsoon and highly susceptible to natural calamities, and has experienced fluctuating growth rates over the years.
Agriculture occupies the centre-stage in the overall development of Odisha's economy. Nearly 84 per cent population of the state lives in rural areas. Agriculture remains the mainstay of state economy and a major source of livelihood for a vast majority of population (Mishra, 2009) . Odisha agriculture continues to provide employment to more than 60 per cent of the total work force in the state. However, over the years, in line with the trends in rest of the economy, agriculture's share to the Gross State Domestic Product (GSDP) has recorded a substantial decline. In the 1950s, the share * Author for correspondence of agriculture to GSDP was about 70 per cent, which has come down to skimpy less than 20 per cent in 2009-10 (at constant prices 1999-2000) (GoO, 2011-12) . Such a structural transformation may at times be considered desirable, provided that with fall in the share of agriculture to GSDP, agriculture's share in employment falls commensurately and matching employment is created in two other broad sectors. Ironically, the situation speaks otherwise (Pattanaik and Nayak, 2010 ).
In the early-1980s, effort was made to bring convergence between agricultural development programmes and poverty alleviation programmes (Chand, 2003) . During this period, some new heads were added to the agricultural sector such as food storage, ware housing, agricultural research and education. In the name of New Economic Reforms (1991) a structural change took place at the national as well as at state levels. However, during the posteconomic reform period (1991-onwards) , the issues were to raise productivity, increase cultivable area of pulses and commercial crops, effective utilization of irrigation facility and development of rural market for the improvement of agriculture (Mishra and Chand, 1995; Chand, 2001) . Other issues such as mechanization of agriculture, development of agrobased industries, promoting private enterprises in marketing of agricultural product were also emphasized. To realize the objectives, target was to intervene in the area of seed, fertilizer, farm mechanization, commercial crops, credit and reclamation of problematic soils. To strengthen the economic status of farmers, attempt was made to diversify the cropping pattern through introduction of commercial crops. In addition, it was also proposed to encourage contract farming, agri-business consortium of small and marginal farmers (Chand, 2003) .
Due to diverse agro-climatic conditions in the state of Odisha, a varied number of crops are produced. The changes in the cropping pattern are generally viewed as a shift from traditionally-grown less-remunerative crops to more-remunerative crops (Mohanty et al., 2013) . During Green Revolution period, there was a continuous surge for diversifying agriculture in terms of crops, primarily on economic considerations (Joshi et al., 2006; Paltasingh and Goyari, 2013) . The cropping pattern changes, however, are the outcome of the interactive effect of many factors such as: resource-related factors (Paltasingh et al., 2012) (irrigation, rainfall and soil fertility); technologyrelated factors (seed, fertilizer, and storage and processing); and institutional and infrastructure-related factors (farm size, extension, marketing systems, investment, output and input prices, government regulatory policies, and research). Odisha agriculture has experienced the change in the relative importance of these factors over time. Furthermore, liberalization and globalization policies also determine crop composition at both micro and macro levels (Vyas, 2001) .
The state has given emphasis on achieving the above objectives for the development of agriculture through formation of 'pani panchayats' involving local bodies in the management of the irrigation system (Srivastava et al., 2014; Ghosh et al., 2012) , organising 'krushak bazaar' for the marketing of agricultural produce, establishing 'krishi vigyan kendras' (KVKs) at the district level to provide effective extension services, including supply of improved seeds, chemical fertilizer, pesticides (Pattanaik and Nayak, 2014) . Given this state scenario, it is imperative to see how Odisha agriculture has performed over the years particularly during the post-reforms period.
Given this backdrop, the objective of this study is to analyse the historical pattern in the growth of agricultural production and productivity in Odisha and suggest a perspective for its development. A look into the growth pattern of area, production and productivity of major crop groups is indeed an essential prerequisite. It may be pertinent to note that although some such studies have been carried out in other agrarian states of the country (Bhalla and Singh, 2009; Bhattacharya and Bhattacharya, 2007; Vakulabharanam, 2004; Subrahmanyam and Satya Sekhar, 2003) , a comprehensive study considering major crop groups and across the physiographic zones in the context of Odisha is seldom found. The crop groups included in the study are: cereals, pulses, foodgrains, oilseeds, fibres, vegetables and condiments and spices. The information built upon these statistics is expected to be immensely helpful in formulating plans and policies for the development of agricultural sector in the state a more objective way. 
Database and Methodology
The study is based on the secondary data collected from various issues of Odisha Agriculture Statistics, published by the Directorate of Agriculture and Food Production, Odisha. For examining growth performance of major crop groups across regions of the state, compound annual growth rates have been calculated for two time periods, viz. Period-I (1993 Period-I ( -94 to 2003 and Period-II (2003 -04 to 2010 . Analysis has been done crop group-wise with respect to area, yield and production. The state has been divided into four physiographic zones as there are vast variations in the agro-climatic conditions. A zone-wise analysis has been undertaken on the basis of 30 districts ( Table 1) . The focus is to compare the zone-wise growth rates recorded during the period under study. Table 2 presents the growth trends in area, production and yield of major crop groups in Odisha for the period 1993-2011. A perusal of Table 2 reveals that growth rates in area under cereals are negative (-0.20%) not only for the entire study period (1993-94 to 2010-11) , but also for Period-I (1993 Period-I ( -94 to 2003 and Period-II (2003 -04 to 2010 . Across pulses, though spacious gap has been recorded in their growth rates between early and late reform periods, this group has registered a positive growth rate of 2.09 per cent in the state for the period 1993-2011. For foodgrains an average growth rate of less than 0.5 per cent has been recorded. Impressive growth rate in area for pulses is indicative of the attempts made to bring more area under pulses crops through adoption of mixed cropping, crop rotation, paddy bund plantation and introduction of suitable varieties.
Growth Trends in Area, Production and Yield under Major Crop Groups at State Level
Under non-foodgrains category, area under oilseeds has grown by 0.51 per cent over the period 1993-2011. However, during Period-II, a significant growth (1.56%) in area under oilseeds has been observed. For fibres, a negative and inconsequential growth in area has been cataloged with -0.25 per cent growth over the entire study period. The area under vegetables has increased significantly by 2.2 per cent over the entire study period, whereas area under condiments and spices has shown very low growth. Overall, the arable land in the state has declined because of natural calamities, population pressure and diversion of agricultural land to non-agricultural uses, leading to sub-division of landholdings. The net sown area (NSA) in the state has declined with time.
A look at the growth in production of major crop groups reveals that the overall growth of foodgrains remained at 2.04 per cent. The production of both cereals and pulses has grown at a decent rate of 2.85 per cent and 2.10 per cent, respectively during the study period. Under non-foodgrains, the production of oilseeds and fibre crops has depicted a negative growth of -0.11 per cent and -0.05 per cent, respectively, whereas, vegetables and condiments and spices have revealed a positive growth of 2.18 per cent and 0.62 per cent, respectively during the period 1993-94 to 2010-11. In the second period, an impressive growth in production of vegetables and pulses has been recorded. The analysis of growth rate of production has shown that all crop groups experienced acceleration in the post-reforms period (Period-II) compared to prereforms period (Period-I).
The growth in productivity of major crop groups in Odisha has been quite impressive during the study period 1993-2011. However, the growth in yield rate of the major crop groups has been positive during Period-II and negative for pulses, oilseeds and fibre crops in Period-I. Under non-foodgrains category, vegetables have recorded the highest growth in yield at 2.48 per cent, followed by condiments and spices during the overall study period. A significant improvement in the yield of oilseeds and fibres has been observed in Period-II. It is remarkable to note that Odisha agriculture being dominated by cereals cultivation, growth of area under cereals cultivation has declined by 0.20 per cent, whereas production and productivity of cereals has been quite impressive, which could be because of more use of HYVs (highyielding varieties) of seeds and fertilizers. Whereas for pulses, even though area and production have increased, the productivity has not increased considerably. Under non-foodgrains, only vegetables have shown a remarkable growth in these aspects. Reducing instability and regional disparities, increasing the pace of diversification as the growth augmenting strategies for sustained agricultural growth in the state must get due attention.
Growth Trends in Area of Major Crops across Physiographic Zones of Odisha
Odisha agriculture is known for its diversity which is mainly the result of variations in resource endowments, climate, soil type, land fertility, rainfall, temperature, water resources, topography, technology adoption, infrastructure, natural calamities, availability of inputs, marketing, irrigation facilities, farm mechanization, cropping intensity, size of landholdings, locations, crop diversification and commercialization of agriculture, farmer's indebtedness, migration, and historical institutional and socio-economic factors. As a result, agricultural sector has followed an uneven path and huge gaps have been there in production and productivity across different regions and districts across the state. Analysing growth trends with respect to area, production and yield across the physiographic zones of major crop groups will help to look into the trends at the disaggregate level and to develop decentralized development strategies to ensure inclusive growth in the state in the long-run. The growth pattern of area under cultivation for major crop groups across the four physiographic zones of Odisha has been presented in Table 3 . The overall growth of area under foodgrains remained positive in all the zones during the overall period. A significant growth in area under foodgrains has been observed in EG zone (1.12%) for the overall period. The area under cereals has declined in all the zones, except EG. However, area under pulses has increased in all the zones during 1993-94 to 2010-11 and the increase has been significant during Period-II. A look at area growth under oilseeds reveals that it is the NP zone where a significant improvement has been observed in the overall study period as well as during the sub-periods, whereas the performance of other zones has been very poor. The increase in area of fibres has been significant for the EG zone, whereas CP zone has performed very desolately as compared to other zones. Area under vegetables has grown significantly in all the zones during the overall study period, especially in Period-II. A positive growth in area under condiments & spices has been observed only in the CTL zone during the overall study period, especially in Period-II, the area under condiments & spices has increased in all the physiographic zones in the state.
Since most of the small and marginal farmers in the state grow highland cereals and pulses for food security, partial substitution of foodgrains with nonfoodgrains is considered to be a more appropriate measure for achieving crop diversification and sustainable agricultural growth in the state. Table 4 presents the growth trends in production of major crop groups across the four physiographic zones in the state. Across all the zones, production of cereals and pulses has been quite remarkable during the overall period. During period 1993-94 to 2010-11, the growth rate has been observed highest for EG zone (4.16%), followed by NP zone (2.88%), CTL zone (2.27%), and CP zone (2.08%). A steady growth has also been observed during the sub-periods across all the zones in the production of cereals, whereas growth in the production of pulses in all the zones other than NP, has not been notable during the overall period. However, a significant increment in the growth of production of pulses has been observed for NP, CTL, and EG zones in Period-II. A similar pattern of growth has been observed in the production of foodgrains. A large degree of variation has been observed in the production of oilseeds across the zones during the overall period and sub-periods of the study. However, during Period-II, production of oilseeds has been positive for all the zones. A similar trend has been observed in the production of fibre crops across the zones and over the time periods. A significant increase in the growth of vegetables production across all the zones has been observed in Period-II. The growth rate has been highest in CTL zone (6.64%), followed by EG zone (3.19%), CP zone (3.18%), and NP zone (2.77%) during Period-II. The growth in condiments & spices in all the zones has remained sluggish during the overall as well as for the sub-periods. A stumpy percentage of land-use for production of condiments & spices and traditional production methods may be responsible for slack production growth of this crop group. Table 5 presents the zone-wise growth in the yield of foodgrain and non-foodgrain crops in the state for the period 1993-2011. A perusal of Table 5 reveals a declining trend in the yield of cereals in all the zones, particularly in Period-II vis-à-vis Period-I, except in EG zone. The yield rate for pulses has increased in Period-II vis-à-vis Period-I in all the zones except CP zone. A similar trend is observed in the yield of foodgrains across all the zones and over the time period; however, the productivity of foodgrains has increased significantly in the EG zone, particularly during Period-II. The growth in the yield of oilseed crops has been quite impressive during Period-II as compared to Period-I of the study. A similar trend is observed in the yield of fibre crops across all the zones and over the time period.
Growth Trends in Production of Major Crop Groups across the Physiographic Zones of Odisha

Growth Trends in Yield of Major Crop Groups across Physiographic Zones of Odisha
Under non-foodgrain crops, the yield of vegetables has been predominant and occupies an important place in diversification of agriculture. However, a declining trend has been observed in the productivity growth of 
Determinants of Growth Rate in Area, Production and Yield of Odisha Agriculture
The above analysis has revealed that, agriculture in Odisha has experienced a high degree of variation in the growth of area, production and yield across the physiographic zones, therefore it is pertinent to identify the major determining factors so as to draw implications thereon. The study has examined the impact of different factors considering growth in area, production and yield for the overall period and Period-I (1993 Period-I ( -94 to 2003 and Period-II (2003 -04 to 2010 and detailed data are given in Annexure Tables A1, A2 and A3 for the respective time periods.
Model Specification and Variables
This study has examined the determinants of growth in area, production and yield in different crop groups at the state level through the neo-classical growth model, and the aggregate growth model can be specified as Equation (1):
… (1) where, Y is the growth rate (area, production and yield); R is the rainfall; GCA is the gross cropped area; CI is the cropping intensity; GIA is the gross irrigated area; FC is the fertilizer consumption; and LR is the literacy rate.
The growth rates in area, production and yield generally determine the overall performance of an agrarian economy and are treated as dependent variables in a broad analytical framework (Bhattacharya and Bhattacharya, 2007) . The consumption of fertilizers and cropping intensity are taken as the main technological variables. The rationale for including rainfall in the production function is that a significant proportion of cultivated area depends on rainfall, and its variation affects the crop output substantially. Similarly, as the gross cultivated area has shown very little fluctuation over time, it has been taken as proxy for available land for cultivation. The gross irrigated area represents water-use from all the sources of irrigation for crop production. Education has a significant impact on agricultural productivity, which may boost farm productivity through refining the quality of labour, and increasing the access to information and awareness programmes on agricultural practices. Thus, literacy rate has been considered as an important variable in the study. Notwithstanding the limitations, the selected variables do have a good capacity to present the true picture of overall agricultural performance of the state. Table 6 presents all the variables, dependent and independent, and the methods of their measurement.
Model Specification
To examine the impact of macroeconomic factors on the growth of area, production and yield in Odisha agriculture, study has been carried out using ordinary least squares (OLS) estimation of the multiple regression model with k explanatory variables as specified in Equation (2):
where, X 1t is the t th observation on the first explanatory variable (for t = 1,… ,N observations) All independent variables are in the logarithmic form and model has been estimated through the ordinary least squares (OLS) method. The empirical models have been designed to ensure that the potential econometric problems-specification bias and simultaneity-are taken into account.
Regression Results
The present data set, the F-test results have suggested that the OLS model is efficient. Thus, economic interpretation of the results is based on the OLS model. Table 7 presents the results at the aggregate level for Period-I and Period-II. The key variables of interest of this study are growth rate of area, production and yield and the macroeconomic factors affecting the same. The results regarding the effect of macroeconomic factors on growth of area under cultivation are presented in column 2 of Table 7 for the Period-I. The coefficient of macroeconomic factors, i.e. rainfall, gross cropped area, gross irrigated area, fertilizer consumption, and literacy rate are positive and significant, except for cropping intensity. The results regarding the effect of macroeconomic factors on growth of production are presented in column 3 of Table 7 and the coefficients of macroeconomic factors are positive and significant. Furthermore, the results regarding the effect of macroeconomic factors on growth of yield are presented in column 4 of Table 7 for the Period-I. The coefficients of all the macroeconomic factors are positive and significant. A similar type of results have been observed for the Period-II.
Growth of Odisha Agriculture: Some Concerns
It is pertinent to note that a varying and unsustainable growth in area, production and productivity of crops has been recorded over the years in the state. Given the fact that foodgrains cover more than 75 per cent of the cultivated area across the zones, an unevenness is observed in the regional growth of foodgrains in the state. This is due to the uneven distribution of resource endowments, climate, soil type, rainfall, temperature, water resources, topography, historical and institutional and socio-economic factors. Along with these, there are some macro factors which include decline in cultivated land, increase in small and marginal farmers and slow growth of cropping intensity.
It is observed from Table 8 that both gross cropped area and net area sown have declined by 6.31 per cent and 13.65 per cent, respectively during the period 1993-94 to 2010-11 (Annexure Table A4 ). Increasing diversion of agricultural land to non-agricultural uses due to increasing industrialization, expanding urbanization and rising trend of barren land appear alarming that has led to a decline in area under cultivation. The role played by the adverse weather conditions and the slow pace of expansion of irrigation network cannot be ignored in this perspective. Furthermore, the number of small and marginal farmers has also increased by a significant percentage (9.61%) during 2001-2011, which has led to low levels of risk taking capacity, technology adoption, farm mechanization and fertilizer application, resulting in low levels of investment as also the low farm crop productivity. Along with these, the growth of intensive cultivation is very slow in the state reported as 12.08 per cent in cropping intensity during 1993-94 to 2010-11.
The slow growth of two agricultural output growth enhancing inputs, viz. irrigation and fertilizer, are considered to be the most immediate and important determining factors responsible for sluggish agricultural production in Odisha. Though fertilizer consumption has increased by 207 per cent, the absolute amount of consumption per hectare is much lower than at the national level. Although net irrigated area and gross irrigated area have increased by 26.88 per cent and 26.46 per cent, respectively, a large part of the cultivated land depends on monsoon. The low level of consumption of power which is critical for mechanization of agriculture, indicates the lack of modernization of the agriculture sector in the state. The percentage of power consumption for agricultural purposes has declined over the period of time by 75 per cent. As multiple demands for land increase, less land is devoted to the agricultural sector. Therefore, intensive cultivation of available land seems to be a viable strategy for increasing the gross cropped area along with mechanization and modernization of agriculture for augmenting agricultural production in the state.
Summary and Conclusions
Decomposition of growth in agricultural sector of Odisha is of considerable interest for the researchers and policy makers. A breakdown of growth in the agricultural sector into various components, area, production and yield facilitates the future course of action with alternative targets and policies. The study has revealed that the main source of growth in production of foodgrains, especially cereals, during the period 1993-94 to 2010-11 has been the growth in yield. It seems that the agricultural price policy and supplying the significant amount of inputs, especially fertilizers at the subsidized rate have been the key factors to promote the farmers to increase the production of foodgrains. Moreover, among non-foodgrain crops, the production of crops, except vegetables, has grown at a low rate during this period. The agricultural growth during this period has been because of the area effect while the government policies have out-focused nonfoodgain crops, particularly oilseeds and fibres.
The study has concluded that, there are at least three major causes of worry about the agriculture sector of Odisha. First, the relatively high growth rate of foodgrains production in Odisha has been achieved mainly through area effect. This pattern of growth can no longer continue without a new strategy for agricultural development emphasizing on increasing land productivity. Second, although, contribution of technology inputs towards sustainable output growth has been recognized, growth in the yield rate in Odisha agriculture has generally been rather slow. Third, Odisha agriculture differs regionally due to the differences in geographical area, climate and natural resources and thus production characteristics. It is time to reform this sector and accord importance to food safety issues to meet the growing demand for quality food through replacing subsidies with investments and infrastructure development. 
